Objective: The present study aimed to examine the relationship between visceral fat area (VFA) and regional fat mass (RFM) or its distribution characteristics and to compare these characteristics between normal and visceral obesity Japanese adults. Subjects/Methods: Nonobese and nonvisceral obese Japanese adults (control group (CG): 44 men and 47 women), obese but nonvisceral obese (obesity group (OG): 15 men and 21 women) and visceral obese group (VOG, 80 men and 17 women). Obesity and visceral obesity were defined as body mass index X25 kg m À2 and VFA X100 cm 2 , respectively, based on the criteria of the examination committee of criteria for obesity disease in Japan. RFM of the both arms, trunk and both legs were measured by DEXA, and we calculated the percent RFM (%RFM). The VFA and subcutaneous fat area were measured at the umbilicus level using CT scans. We examined the relationship between VFA and RFM or %RFM in the Japanese adult population. Results: Although linear relationships were found between VFA and each RFM, nonlinear relationships were found between VFA and each %RFM. In CG, %RFM of the trunk increases and %RFM of the leg decreases with accumulating VFA, but these relationships declined in VOG. Conclusion: These results may suggest that the relationship between %RFM and VFA changes between different visceral obese levels, and for Japanese adults this is found at reaching a 100 cm 2 VFA, which corresponds to the criteria for visceral obesity.
Introduction
Accumulation of visceral adipose tissue is closely related to various metabolic diseases (Pascot et al., 2000; Kobayashi et al., 2001; Kurioka et al., 2002 ; The Examination Committee of Criteria for 'Obesity Disease' in Japan, Japan Society for the Study of Obesity, 2002; Bacha et al., 2003) . The relationships between regional fat mass (RFM) or RFM distribution and lifestyle-related diseases (Raji et al., 2001; Hara et al., 2004) have also been examined. From these studies, the prediction of visceral fat mass (area) (VFA) and assessment of obesity types have been emphasized.
Visceral fat mass is reported to increase with aging (Borkan et al., 1983) , and this trend is similar in men and women. On the other hand, it was reported that the ratio of VFA to total fat mass is higher in men than women (Lemieux et al., 1993; Abe et al., 1995) , and there is a linear relationship between the increases of VFA and total fat mass that is particularly pronounced in men compared with women. Abe et al. (1995) reported that although the relationship between VFA and total fat mass is also found in women, individual differences are greater in women than in men. In fact, there are some women whose visceral or subcutaneous fat mass does not necessarily proportionally increase with increasing total fat mass. In contrast, as a result of examining the relationship between VFA and the ratio of subcutaneous fat thicknesses of the abdomen and the lower limbs, it was discovered that the VFA was smaller in Japanese women who are more likely to accumulate adipose tissue in the femoral or gluteal regions (Abe et al., 1993) . These results indicate that the relationship between visceral and total fat mass may differ by obesity type and that visceral fat bears a constant relationship to the type of subcutaneous fat distribution; however, there are sex differences in this relationship.
There have been various studies examining sex-, age-and race-related differences in VFA and examining the relationship between the accumulation of VFA and metabolic or body fat distribution characteristics (Borkan et al., 1983; Davies et al., 1986; Hattori et al., 1991; Lemieux et al., 1993; Abe et al., 1995; Denino et al., 2001; Raji et al., 2001; Hara et al., 2004) . However, there is the possibility that these relationships to the accumulation of VFA differ by visceral obesity level. For instance, Abe et al. (1993) reported a proportional relationship between VFA and body fat distribution, but their sample is composed of subjects with VFA p80 cm 2 . For Japanese adults, visceral obesity is specified as VFAX100 cm 2 (The Examination Committee of Criteria for 'Obesity Disease' in Japan, Japan Society for the Study of Obesity, 2002) . There is, thus, the problem of generalizing the findings obtained from a study sample exclusive of the viscerally obese population, and it is interesting to question whether the relationships between RFM or its distribution characteristics and visceral fat are constant, regardless of obesity level. The present study aimed to examine the relationship between VFA and RFM or its distribution characteristics and to compare these characteristics between normal and viscerally obese Japanese adults.
Methods

Subjects
Subjects comprised 224 Japanese adults (139 men and 85 women). They were divided into three groups: 'control group (CG)' which was composed of nonobese (body mass index (BMI) o25 kg m À2 ) and nonvisceral obese (VFA o100 cm 2 ) adults, 'obesity group (OG)' which was composed of obese (BMIX25 kg m À2 ) but nonvisceral obese adults, and 'visceral obese group (VOG)' which was composed of obese and visceral obese (VFAX100 cm 2 ) adults, based on the criteria for obesity disease in Japan in relation to obesity-related complications (The examination committee of criteria for obesity disease in Japan, 2002) . The sample size of each sex and OG was as follows; 139 men (CG: n ¼ 44, OG: n ¼ 15, VOG: n ¼ 80) and 85 women (CG: n ¼ 47, OG: n ¼ 21, VOG: n ¼ 17). Their physical characteristics are shown in Table 1 .
The study was approved by the Human Subject Ethical Committee of Kanazawa University, and informed consent was provided by each subject prior to participation in the study.
Measurement of total and regional fat masses Total and RFM of the both arms, trunk and both legs were measured by DEXA (DPX-L; Lunar Radiation Corp., Madison, WI, USA; whole body scanning, software version 1.3Z). In the DEXA measurement, a trained radiology technician performed the measurements on the subjects. DEXA measurements were performed following standard procedures, according to the manufacturer's guidelines, while the subject was lying in a supine position on a table. Whole body scanning time was 20 min, and total X-ray irradiation absorbed by a subject was 5 mrems or lower, which corresponds to 10% of a standard chest X-ray film. In the present study, RFM of both arms, both legs and trunk and the percent regional fat masses (%RFM, regional fat mass/total fat mass) were calculated.
Measurement of visceral and subcutaneous fat area at the level of the umbilicus The VFA and subcutaneous fat area (SFA) were measured at the umbilicus level (VFA) using CT scans (Somatom AR.C; Siemens, Erlangen, Germany) performed on subjects in a supine position. The visceral and SFAs were calculated using a software program (FatScan; N2system, Osaka, Japan) (Yoshizumi et al., 1999) . First, a region of the subcutaneous fat layer was defined by tracing its contour on each scan, and then the range of CT values (in Hounsfield units) was calculated for fat tissue. Total fat area was determined by delineating the surface having a mean CT value72 s.d., and the VFA was measured by drawing a line within the muscle wall surrounding the abdominal cavity. The SFA was then calculated by subtracting VFA from total fat area.
Statistical analyses
A 2 Â 3 analysis of covariance (ANCOVA) (sex and OG) was performed on the RFM and %RFM variables, with covariate of age.
To determine the magnitude of the relationships between SFA and VFA measured by CT, between VFA and each RFM and between VFA and each %RFM, Pearson's correlation coefficients were calculated for each obese group (CG, OG, VOG). Significant differences in these correlations were tested between groups.
Significant age differences were found among obese groups, and this may influence the characteristics in relationships between VFA and absolute and relative RFM. Therefore, to clarify the effect of age difference on the relationships between VFA and RFM and %RFM, these correlation analyses were conducted only for subjects aged 40 years or over in each sex and OG.
Furthermore, linear and quadratic models were used to fit the relationships between VFA and RFM or %RFM.
Results Figure 1 shows the relationship between SFA and VFA. In both male and female CG, significant and moderate correlations were found (men: r ¼ 0.40, Po0.01; women: r ¼ 0.41, Po0.01), but these relationships in VOG tended to be low in both men and women (men: r ¼ 0.24, Po0.05; women: r ¼ 0.07, not significant). Table 2 shows the results of the 2 Â 3 (sex and OGs) ANCOVA for RFM and %RFM values, with covariate of age. In terms of fat mass of the trunk, no significant sex difference was found, and the values of the OG and VOG were significantly greater than that of the CG. For fat mass of the upper limbs, a significant interaction was found. The values in the OG and VOG were significantly greater than that of the CG in men, and were significantly greater in order of VOG, OG and CG in women. Fat mass of the upper limbs was significantly greater in women than men in all OGs. For fat mass of the lower limbs, significant sex and OG differences were found and the value was greater in men than women. The values were significantly greater in order of VOG, OG and CG.
The %RFM in the trunk was significantly greater in men than women and was greater in order of VOG, OG and CG. In contrast, %RFM in the lower limbs was significantly greater in women than in men and was greater in order of CG, OG and VOG. For RFM in the upper limbs, a significant Relationships between VFA and %RFM S Demura and S Sato interaction was found. RFM in the upper limbs was significantly greater in women than in men in all three groups. There was no significant difference in the value in men, but the value in the VOG was significantly greater than that in the CG in women. Figure 2 shows the relationship between VFA and RFM of each region. The relationship between fat mass in the upper limbs and VFA was significant in the CG in both sex groups. The relationship with the lower limbs was significant in the VOG in both sex groups, and the relationship in the VOG was significantly greater than that in the CG and OG in women. The relationship with the trunk was significant in CG and VOG in men and in the CG in women.
As shown in Figure 3 , the relationships between VFA and %RFM in each region were examined for each group. In the CG men, VFA significantly correlated positively with %RFM in the trunk and negatively with %RFM in the leg. Although similar trends were found in the VOG men, these relationships were significantly lower than those in the CG. Also in the women group, similar relationships were found, but the VOG women showed inverse relationships compared with those of the CG women.
In the present study, there was a significant mean age difference among the three groups. It is considered that these relationships between VFA and RFM are influenced by age difference. As shown in Figure 3 , the relationships between VFA and %RFM differed between CG and VOG. To confirm the effect of age difference on these results, we conducted the same correlation analyses for subjects aged only 40 years and over, which can get sample size of each obese group in both sexes. There was no significant age difference among these subgroups. As shown in Figure 4 , similar trends were obtained in the relationships between VFA and %RFM in the trunk and the lower limbs.
To confirm characteristics in the relationship between VFA and RFM or %RFM, linear and quadratic models were adapted to these relationships for each male and female groups, combining data of three obese groups ( Figure 5 and Table 3 ). According to the relationship between RFM and VFA, there is no difference in the explained variance between linear and quadratic models in both sex groups. In contrast, according to the relationship between %RFM and VFA, the determination coefficient when applied in a quadratic model was improved by about 10% in both sex groups, compared with that when applied in a linear model.
Discussion
The present study examined the relationships between VFA and absolute and relative RFM in Japanese adults, and compared these relationships between different obese groups. Sample characteristics in BMI and VFA were almost equal to those in the previous study, which developed the criteria for visceral obesity in the Japanese population (Japan Society for the Study of Obesity, 2002) .
In the present study, the characteristics in the relationship with VFA differed between absolute RFM and relative %RFM. In addition, the relationship between VFA and %RFM also differed by VFA levels. Thus, RFM linearly increased with increasing VFA, and this trend was observed, regardless of VFA level, while the relationship between VFA and %RFM obtained in CG tended to be inhibited in VOG. Although %RFM in the trunk increased and %RFM in the lower limbs decreased with increasing VFA in the CG, these trends lose in VOG (Figure 2) . Especially in women, the relationships with VFA in the trunk and lower limbs inverted between CG and VOG.
These findings mean that an increase of VFA is not reflected in an increase of %RFM in the trunk in VOG. The Relationships between VFA and %RFM S Demura and S Sato causes of decline in the relationship between VFA and %RFM are believed to be that as VFA and %RFM proportionally change until VFA is less than 100 cm 2 , the adipose tissue preferentially accumulates at the visceral abdomen when VFA reaches about 100 cm 2 . This is expressed in the result of the relationship between VFA and SFA in VOG, compared with the CG (Figure 1) . Thus, it may suggest that there is a limitation in accumulation of subcutaneous fat, and this limitation closely relates to the criterion for the viscerally obese level. In the case of Japanese adults, VFA of 100 cm 2 , which is used as the criterion for assessment of visceral obesity, may be an obese level for which metabolic characteristics change. Although there was a previous study examining the relationship between VFA and RFM for the Figure 3 Relationship between visceral fat area (VFA) and %RFM. This figure shows relationship between VFA and %RFM for each sex group. The relationships with VFA differed from those for regional fat mass (RFM). In both sex groups, the relationships between VFA and %RFM in the trunk and lower limbs differed between CG and VOG. Abbreviations in this figure are as follows:~, control group (CG); ', obesity group (OG); m, visceral-obesity group (VOG); **Po0.01; *Po0.05.
Relationships between VFA and %RFM S Demura and S Sato Japanese adults (Abe et al., 1996) , the VFA level of their sample was less than 100 cm 2 . Furthermore, there were no reports comparing them between different OGs or those examining their sex differences. It is particularly worth noting that the present study examined the relationship between VFA and regional adipose tissue with different VOGs, and that there were differences in these relationships between obesity levels.
Other reasons are change in fat accumulation to the lower limbs. As shown in Figure 3 , a negative relationship between VFA and %RFM in the lower limbs significantly declined in the subjects with VFAX100 cm 2 (VOG). Further, since a moderate positive relationship was found in the VOG women, this trend may be more remarkable in women. The result that the accumulation of adipose tissue to the lower limbs occurs particularly in women may reflect the sex difference in body fat distribution. Because of the sample size of viscerally obese women in the present study, there is a limitation in generalizing the results obtained in the present study. Further research will be required. It has been reported that the characteristics in visceral fat accumulation and obesity level differ between sex and age groups (Borkan et al., 1983; Davies et al., 1986; Hattori et al., 1991; Lemieux et al., 1993; Abe et al., 1995) . Although there was a significant difference in mean ages of three obese groups in the present study, the characteristics in the relationship between VFA and RFM or %RFM were similar in subgroups with subjects aged 40 years or over. Therefore, it is considered that the difference in the VFA-%RMF relationships obtained between the CG and VOG is not caused by the difference in the mean age of the groups. However, we cannot make a determination whether the results obtained in the present study are found in Japanese adults aged 40 years or younger, and whether these relationships change with age. Further examination will be required.
The present study targeted Japanese adults, and there may be a limitation in applying the results obtained in the present study to other races. The age, sex and racial differences in obesity characteristics have been investigated in several previous studies. For instance, the criterion for obesity using BMI differs among races. For Japanese adults, obesity is specified at BMIX25 kg m À2 , but for Americans or other races, BMIX30 kg m À2 is generally used. Race-related differences in VFA or the criterion for visceral obesity have Relationships between VFA and %RFM S Demura and S Sato not been sufficiently examined. Pascot et al. (2000 Pascot et al. ( , 2001 , who examined the contribution of visceral obesity to the deterioration of the metabolic risk profile for Canadian men, defined the visceral OG at VFAX130 cm 2 . Brochu et al. (2000) examined the relationship between visceral adipose tissue and glucose disposal in older obese postmenopausal women and divided them into a high VFA group at VFAX200 cm 2 and a low VFA group at VFAp160 cm 2 . Therefore, for a non-Japanese population, it is unclear whether the relationship between %RFM and VFA changes upon reaching a 100 cm 2 VFA. However, a similar trend may be seen on reaching a certain VFA, which corresponds to the criterion for visceral obesity for each race, and further research in this area is expected.
Conclusions
The present study examined the relationship between VFA and RFM or %RFM in the Japanese adult population. Based on methodological limitations in the present study, the following relationships were found. Linear relationships were found between VFA and each RFM, while nonlinear relationships were found between VFA and each %RFM. In CG and VOG Japanese adults, %RFM in the trunk increases and %RFM of the lower limbs decreases with accumulating VFA (VFAo100 cm 2 ), but these relationships wane in viscerally obese Japanese adults (VFAX100 cm 2 ). In particular, inverse relationships were found between the CG and VOG in Japanese women. Abbreviations: RFM, regional fat mass; %RFM, percent regional fat masses. This table shows the regression equations when adapting linear and quadratic models to combined data of normal and visceral obesity subjects to determine the relationship between visceral fat area (VFA) and RFM or %RFM. %RFM is the ratio of each regional fat mass to the total fat mass. DR 2 means R 2 in a linear regression model minus R 2 in a quadratic regression model Â 100. According to the relationship between RFM and VFA, there is no difference in the explained variance between linear and quadratic models. In contrast, according to the relationship between %RFM and VFA, the determination coefficient when applied in a quadratic model was improved about 10% compared with that when applied in a linear model.
